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(54) METHOD AND APPARATUS FOR CONTROLUNG MOTOR 

(57)Abstract: 

PURPOSE: To accurately control a rotating speed, a current by 
controlling an amplitude value of an output voltage, and an inner 
phase different angle based on a command value of an output 
frequency of an inverter and a torque current component of a 
primary current of a motor, and correcting it in response to a 
differential value of the torque current component. 
CONSTITUTION: A controller for a control system is controlled in 
response to an amplitude value V*01 of a voltage vector, an inner 
phase difference angle 5*and a phase reference signal G* based on 
a torque current component 11 q, a primary frequency command 
signal oo*1 and an electric constant of an induction motor 2 by a 
frequency control unit 5 for controlling the signal co*1 by the 
component 11 q. Since a voltage PWM inverter I controls an output 
voltage of each phase according to a pulse width modulation signal 
obtained by comparing voltage commands V*u, V*v, V*w, of a sine 
wave with a carrier signal and controls its fundamental wave 
component instantaneous value by comparing the instantaneous 
value with their voltage commands, a voltage V1 is controlled in 
response to the amplitude value V*1a, the inner phase difference 
angle 5*and the signal 0*. 
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[0 0 6 7] -(Oil 3(C^i-^lfi0tJ(iJ:tLtf, $6 

Id, «JEiB^*»olBI#{b:S:Biawi:^-e# % L/j^ru 




^f^^6 - 2 2 5 5 7 4 



[0068] sfr^om i 3 id« LfcMMWtt, hchs 1 

[0 0 6 9] »±3*^<fc*«W«>*lli«H:. £T 

[0 0 7 0] «±B&01 L/c i 5 ±ia^^j6S0»J(- 
[0 0 7 1] jgtc, ±|E3IJfi0y^J:tLfi. 

[0072] HI 13 ICWR LTlft^Lfc*l8MO 

[0 0 7 3] HI 1 4 IC*5^T, lK*^»»-efcS/^^ 
(SfP^^-^ (PWM1NV) 1 3 tiffin BJ£J§4- 
{f-§-V*u - V*w ^S^V^lftfj« ( I M) 2 (C^Stm 

^tU§ff9 3 <t »9^m$ix5o ii^^Sn^(AS R) 4 0 

5„ dtl0 1-10 3lisin, cos2^^l»x 
. T'^-rZ/WbL/'ctarr 1 (1/x) <^B8»S. 1 0 4 ii* 
10 5-10 9ttflMfc«-cfcS. ««c»o««tt 

<f,i li-f w<— ^<otH^«BE/fflK» (v/f) OtfcT* 
50 &£5{ii:-efc6o Bb«m«Sl id(D^®j«ft^tO 
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(10) 
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tit, ^com^m. i*id itfef>^i:^io5, io 

8, 10 9 (n&M%5^&J£irZ> 0 

[0 0 7 4] 3*ffl*«EEJ&^***7fiO* £ 5* £ 

V* u = V* la stn( 9*+ S*) 
V* v = V* la sin^9* + 5* — 

V* w = V* la sin ^8*+ 5*+-|-7c^ 



18 



[0 0 7 5] 
[»14] 



\ 



[0 0 7 6] il4 (C^ L^SiE^^tC^ott^ 

[0 0 7 7] El 1 5 te#38W^JSfllflJ**"t"o liJiafi* 

58W£P#«»ttl2 0'O.*j»{-fflv^»-fr-e, 2 i(4{£ 
ft-tz>-kx\ mmmmcor &tkiti-tz> 0 6AiiiE)t 

[oo7 8] ^mMmtcx^xkmmnmmto^? 
[0079] mmm#<o&w>. mmm^mm^ 

[0 0 8 0] fl£oT, rtSj^^tt^aSi/j^iSieWSr'ffi 

[0 0 8 1 ] -Tft;b^ mft^o-^ffital^TS^Zin 

[0 0 8 2] J^T, *«W^«tS-^»iai«f!i«^aS 

[ 0 0 8 3 ] g| 1 6 \tt&Vfl<D±td,fflfiE&chem&ttto& 
ttfe— SllfifiPJ^W^Sr^i-^n y ID 1 7 (4H1 1 6 

[0 0 8 4] HI 1 6.|C*5^t\ mffi^PWM$iJ^-f V< 
— * 1(4. Rar«M«2«rffKlj«J{9L. ®EEtt^V* u , 



(SI 4) 



'NrfltdSMflJiSnSo («^») 3 14, ilft 

»a^u mk*s («**ta«) 4' (4, mmmm 

SEiu, iv, i.Sr«riatt*BA«0*Srffil^T. EME«J». 
tt**©d«iric»"efc*a««aE*5> i i d qtti^T* 
«>*««fi84>iiqi:«c:««i-«. "T^t) S§H^5 0(4, 

s &«^*»«S:fTV\ ®3l^2 0 6f4, Httftflrt- 

(ASR) 2 0 7(4. SSg^o)*r ^DftEOHESftOtt 

«8fEJi^i*iq £^StU:ftU mStPS^ff (ACR) 2 

0 8(4, ^t^mjttfg^ i* tq h/U?mMf&tt i iq £ 

19(4, hA^«iiB*#i iq«:«#U -t^>tH*S:HK 
JSJg^ a> *t 5 ~ £ (d £ 9 , iSjSB#^*5*t^«» 

«K*oSEt(iS:§SJt-r5. «Mft»2 1 0-2 1 2(4, M 

30 mm 2 <Dma t << ^ # t $ y^iftust st^* 

«9, «^2 10, 2 1 2/1^14— 2fe«tlil*T 

«) [cktmvtz&tK *fc. «iia«2 i i/j^(4^ifty 
^*§i2 i 3(4, «ss^2 i KDthti^m&ikm 

^a>*\ ?r^»Ufcffi^tti^L, 2 1 4 (4SI«em 

^^^S^rtiB^-r^o I^I^§ff2 1 5(4, -&}gJn;P£T£L 

1 6(4, «ft«2 1 0, fSS2 1 3M^S2 1 5 
<7)|±S^{f-§-^JP»LT, dW«JGEifi^V*id Sr«^tti^ 

4a U *D*^2 1 7(4, 1 2, fMf2£2 1 4&t/ 

IBft«2 1 50ffl^«*«:*PJi-U-C, qWimiEJt^V* 
iq *^»tii^-r^o ffi«R%«» (3 

■...») 7 r (4, #JEdtt«ffi*t^V*id , qwrn/EH^v 

*iq RD^a:ffi«*o* ^rffl^^T, mfc^mmmzmw 

L, 3"tB«ffit8^v*u. v*v, v*w^rta^i-^o 

[0 0 8 5] I33ES2 1 5C0«ricSr^"Tiai 7 (Ci3V> 

r, «3isi5i(±, Mja®25ft^ft^{fi i *, d i&fctHi 
i id^o|i^SI»as^i-5 0 ibcflgWJ^l5 2(4, 



-10- 
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5 5«, yfi 5 3^rgflj (Dtztc^ 5 

tt, yfl 5 3# r^J OfiaicSd»Lfc{f#A r i 
S:«»i-S. «»Sl5 6fi, ^yf 15 4^ rgflj 

(li + l2 r )*c:fflSi-5«#S:»3lffl*U, ^yfl 
5 4^ rwj ^^t-te, ^-f^f i54/p rr^j cow 

*JH*1 5 7,1 5 8(1 



20 



JO 



*>5A(li+l2' )o*ii:, E!)l8ttfll£/## i idfcSVM* 
^^^UTOjtii^irSljitS. *P**1 6 2, 16 3 

[oo8 6] fftm^tcxotcmf&zftttKwcomi 

6, mi 7 0jt*flWo«i^«:*^ttW-*-S 0 

7' ^w-r.s-f ^-^a*«E«*fliy*id f v* 

[0 0 8 7] , - 

[S15] 



V* ld =r* 1 i * ld -o>* 1 ( I *!+ I * 2 ) i lq + AV 



) i *i 



(815) 



[0 0 8 8] ftl 5C*D^t, r*iii, a>*i ( 1 *i + 1 

S«t. (o*i tf>idtt«a»jett*«>**i», AVd, AV 
q tt, |S]5&gg 2 1 5 totH*4t"C*> "9 > fiijRS 2 10-2 

*id = (M + 1 i) i *id cOgD^Uddj+id&t/ i*id/jSt£££ 
iXTV\h,tf. -tcOfflyjfflAVd, "A Vqfi. ^«I*K*3V^ 

V* u = - V* la sin(0*+ 5) 



* [oo8 9] w&<D£o\z.isxm&&titctiij]n&.fsG 

t£^v* u , v*v, v* w (-^m^^i^ 0 ^<£>3t@®JHf^ 

1 2 0gfofifi/j^5(7)t'fc5/J^, ft*UT 
utgf§^rv*u tcov^T^fcnfcU:*^* 1 6 k J; 9 Hffl 

[0 0 9 0] 
K30 [ftl6] 

... (»16) 



tlU, V* la =^/ (V* ld ) 2 + (V* lq ) 2 
5=-tan- x (V* ld /V* lq ) 



[0 0 9 1] lEiPWM^ >v<— * 1 (C*3V^Ttt, IE 
3£jKomEE«^V*u f V*v, V*^«fti£««#£fcJttt 

irK&So wtf>£#, ««»2 1 0-2 1 2««:/fl^T 



mi&ffim^ i Ui iv. iw ^<b*2c:(jev^w«tas 

ft5dtt«»*#i id, qttttjft/$£ i iqtt. 5*c*> HI 
[0 0 9 2]MU:J:3l:> qfii«»iull 1 

r<7> riq^s^^rattftto-r^ojaaESccos 

cur t LTlt^i-Sw^3&s-C#So iSSWfflS2 0 7 
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(12) 



6-225574 
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2 0 8 (2, r (D-mMVa'S i *i q t q WBSEfiE^ i i q 
i:^mS?E(S^ (i*1q~ilq) (C/SlSTilS^Jg^a>*1 



22 



[0 0 9 3] UtTiS Lfcl&fl 5 ^ *5SW^ia 1 6 ICtjW-* 
[0 0 9 4] «*3S2 10-21 2{CK5££;h,5ffiz)S, 



70 



mmmmmmmm^h^mv. cos / i i,»y<f^ 

[0 0 9 5] 016 (C^^"*^P^c7)^JS0iJtCjoV>Tfi. 
[0 0 9 6] >f >v«— * 1 COtU^flffili, Su 

[0 0 9 7] 
[*17] 



V ld = r, 
V lq = r, 



» i d - » i < 1 i + 1 2 

1 lq+"l * Id 

+ « a (M /L 2 )^ 2d 

[0 0 9 8] ffl.U tf>id = (M + 10 i id T*&3 0 

[0 0 9 9] -f * 1 COffi^mEbt^, 4 1 



) 



\ 



1 q 



) i 



1 d 



(817) 



[0100] 
[ftl8] 



AV d = A r x 
A V q = A r x 



1 d 



lq 



A ( I x + I 
+ A< I - + I 



(818) 



[0101] 1IU A r 1 = r 1 — r*i 
A ( 1 1-4- 1 2^ ) = (h+l2' ) -(1*1+1*2' ) ■ "Cfc 

[0102] r 1 &t>* 1 1 + 1 2' WS$I^ 

e>©*»Ari f Adi+12 7 ) KlBBflfbT, 
V*id, V+iqtC^fLT, AVd.' AVg^IiMgX'fe 

lSSrffix.* ra>Rj£»2 1 5 £ffl^Tjtft$co^®b#A 
Vd, AVqSrfU^U -^(D^^mEEfg^V*,d, V*i Q 

mc*:<Dmmfj>t> A Vd Sr«lS&-r5wi:dSpI«B-Cfc5 0 
L/j>U »1 8lc*i-«fc 9^ -t^^ift^tcfi. An 
£ A ( 1 1 + 1 2' )(^K»^ffiftL.T*5l9. 5fe* 
X\ A Vd<t A Vq»cBH«-r5*tt* s *teoTlf^Sfc». 



[0103] £^*>-c\ »i 8^eawr*#sJ: 
coi fc£vM3 i iq*s/hSv^»*^tt, A (1 1 + 1 2' )co 

^*fq>tc*5^Tf*> iidCO^ihH, An 

^ iq^^c#v>^(cfi. A(ii + i2' )^»w^3tBBW-e 

[0 10 4] *i-0, PISS 2 1 5tC(^, W3*(D*«=fi: 
*JgiJi-64fttt*JB'J»l 5 2/j^tt^ttr^5o 

E3l^, |S]^S2 1 5fi, rtt*cj: 0. 9»Si 5 soffi 
V*id , q$im/Etg^V*iq ^r^IEb, *^cr>mi£c7)^ 

50 a^AVd , Av q zim-tz>o ^<Dt$, a»»i5 
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(13) 
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&oTi^S 0 mc^ tg^^fCJio^T, ia^S2 1 5 
tt, ^yfi 5 4#ttl«WMl§l 5 2*cJ;f9BHi:& 
fb. a»gl5 60ffl*i:o)*iS:**U £ bC, • 

i id, i iq£siff LT»e>tbfcy f^x&T^mfc 

»gl5 60ffl*lt y ^>XO^E>j#A ( 1 i + 1 
15 3/jS rBBj Wi^ MSl5 5(DtU^ * 

[0 10 5] iW3jSLfc*»W<0*«t«B:* 

^Ari, A(li-hl 2 ' ) StjEU< 

rtLtCj: «9\ dWm^^^Dj^A Vd , qtt«ffitO 

«*mft« 2 <o«*iB«^ («*) ^«»«^^F«S^* 
[0 10 6] Hi 8itt&W<Dm<DmMM<Dffii&&7Fir 

7>u y ?m. mi 9temi£&<Dffi&&7jk'f-yuiy?mx~ 
hz> 0 mi 8, hi 9fcL*5i,*-c\ 5' &m&$kfflw^ 

2- 1 tt-T^< 9 SfcitS, 2 2f*iR#S. 6' tt«flE*g^iS 

2 5, 3 0, 3 6litm 2 7, 3 1, 3 4, 
3 7tt**S % 2 8fi«»», 2 9, 3 3, 3 5 ttHft 

-»-c*>9, (M^n 6, mi 7 <Dm&tm-x*h 

[0 10 7] Ml 8^*-f3lft«K*5V^T, 

i »q^^»JffllO^«)0»^3g2 2 
A r 2 = A r i • r *2/ r *i 

^s^y-f > (r 2 \cttm) ^iiEt^r^ia 

[0 112] £fc, IPlSSOffl^-CfoS-ftlStrL^aEtt 

[0 11 3] 120 1 ~~ 

4' «:ffrBBII*«t|S]-4*-C&5o »K*ffl»eP5* 
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[0108] ft*5. 118 Kl^o^T, l^gcOlEttd^ 
Pt&^tl/C^S^ H 1 6 i|p]«lc, Hl8l^tm«i| 
fcra^»ds«^e>ix-C*5 9. *om**s*il»2 7, 3 
70 1, 3 7S«S2 8^HJ*BS*LTVv6 0 . r*MMfc« 
tC/B^SfWJ^te. ri M(h+l2' ) £I^-C# 
*tfJJ:<, )£»T^y 7 ^ ^ y^^T^ig»t5M 

fct£\,^<DT\ mi 7 tC*5t+5*»* 156-161 /JS^F 

S t * 0 > m l 9 tc^i- J; 5 ^ fc 3ftS-"C* So 

[0109] mi s (Dnmmcommz. **w^H«-r 
ib in i 6 ^t-si*wo«it^5S(oii:s»«*«»**- 

20 <Offi#tt:fflV^;ft,5J£«ri f (11+12 7 ) 3rHl9tc 
T^So 

[0 110] R2»m»«<0— »C«»t r i £ 

An £fflV^T. ^c^tci i <9 A r2 £rtt3Ei~<5 kfcX* 

^So 

jo [ o i i i ] 

* '[819] 

. - --rai 9) 

i lq0ft^»j»^>fcfe<0«»»2 2' COtB^I, &5>M* 
o>*i^rtB^i-So SEt^^S^e'' ft, a>*i&tfiiq 

[0114]. 
: I»20] 
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V* ls = ( r 1 i lq -w*! ** 2d + «*i( I i+ I z )i ld )cos5* N 

(_r x i id"" 6 **!* 1 1+ 1 2' ) ' 1 
q 



5*=tan" 



V r i i i q -w*" 1 0* 2d +cj* 1 ( I 1+ I 2' ) 1 id ' 



(SC2 O) 



[0115] ill, ri=r*i+Ari /0 

ll+l2 A =(ll*+l2 / *) + A ( 1 1 + 1 2 f ) 

*0»^2 6{C^oV>T, «*S6 1 frb<omt) r 1 i iq 
Hl^8&6 2-/j>*b£>tU;*Jco*i ( 1 i + 1 2' ) lid dSJPH-S 

*\ .flM»3§6 4CDtH^iri iid£f&*»6 3<7>tU^co*i (1 
1 + I2' ) LlqT&S. ®S^6 5T'?I/J^ V*ia WS» 

[0116] m^cms 3Rtf**»3 4 ia^v 
6 6KU:oiaji!;2Ji3fts*jis*ta. tbt, *b^3 8 

[0.117] tZ-^X^ -ftffitrCn tt, a»«<oaife 

fcWrfc rfflj otttRi:*0, 8*S7 3j5^^ (i 
*id- i id)«rj£»[Sj£»7 2^i£5 0 ^|W]^7 2 

[0118] «jgiiiE*t?tt. — jjfei&et^aft 



[0119] WJblftP^bfcJ:^^, H*i 6 -H3 .2 ocom 

[0120] 121 (7)*Jte^Jf4^JP^^ffi®^^# 

[0121] i-^^^b, 021 (OiettNIMff^ftSrSfb 
[0 12 2] *fc, »J#S**w««j«tt, h/uffiijffll 

t, *ao#j»ftt»jW3e«KS*s;ts:a«-c#s. 
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[0 12 3] 00 x. #13 2 2tC*5V v r-<^ hs^fflfflfrh v 
/ f WJ»tc«3Slx.S^tt lid. Tiqcom^^f — K'<* 

[0124] iRffl«»«S:J£ < HI Ufctt*. 

[0125] b . wKbm<D#mfc&&* isiiwKffK 

[0 12 6] Cfc#«WLfc. 

[0127] ffiot, mtM»*tmtkt\c»i&vitm 

[0 12 8] C^J:9t-bT, i»I(Oil/j^t)ot 

[0129] i?i^^ti»S3{i -»ja««ts 
1 i i q 

^S=^^ X ~i = K S" 'iq 

1 2 1 Id 

[01 3.2] 

T2 : —Ikmmm. Ks : 1/ (T2 • lid) 
ft^, ±BB«||[»<0«»j«^»K«^o^TlftW"r5o 

_ Vio 1 ; 

*i = *io — yy-x 27cf — 

[0134] «*tf; «««3e»«E3& s Vi o = 200 

v, fcfefflifc&fc f io = 5 oh z -efoa-uJ. <*h = o.3 

6 7 Wb • T<b ITt/Et^o 

[0 13 5] K 1 K 1 = L a/(l'i + Li) 

4 0 9 >>X<Ol£K 1 /p5~1 

•5^, 0sJx.fi, K 1 = 0. i ^ UT^SBK^-TSo 

[oi36]-»Rn fcit/aaaatnd^^-c 

[0 13 7] ^9JSR#«J*»5 0lCi3»t4* 

2 I id ^gu cixe><o^»fcli;W)«*-i£ 

&-c**aa*b, «»«U£«I9!J£»8 stcfcSRje-*- 

[0138] &±<D*mc*.*>* mmm<omm^jtcx 




^m^6 - 2 2 5 5 7 4 
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iiq, ^3J:V«ft«3tfBcR«*8 

gtfg^fcS* (-»:«BEi:«*jB«*i:(Offi:tBS) £K - 

£V*ia fcrt»tB*ft6* i: 0* irtcS^ 

70 ^T. 3fflfcH*«flEJf^«#V«H., V*v, V*. 

5o «»««*RJ£«8 8W\ 3--if36S«tt«2 

ftftJHS 5 o *3 J;tfWE»*fllJM 6 fcfcH^ LRJfei" 

[0130] #^»^o^*^i^pj-r5 0 -r^^ 

[0131] 
*20 [R2 1] 

- (!&2 1 ) 



R«fc&Stt®fcH\ I*id, Kl (=La/(li 
^RJtfco^Ttt* SI*m»j^^---&iiSi- : ?*mi£Vio 

[0133] 
1*22] 

(»2 2) 



R^^^RM:* ri, lid, T2 0 3aS^T-fi^ 

fi\ t-UZTRfr't. 3£»<z>*ttttHtt± 2 0-3 0% 

iCjStJSS-frr, Sin, lid, T2£^a6iEt§LT3o 

ffi»PS:SJ*ffiit). H»®^R^§5 8 8 icA^.t/c 
^rfc, r colS:^^ 8 8 WiJfSIx^^l^ r i , lid, T2£r 

[0 13 9] ±IEH160»J^J:ix«, h/u^»o^lB& 
50 *-*-5*Trt-CJ:<. WJWSft^Rje^SfilcKtS. 
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[0140] &mW(D{&<DmMifi\&^ 2 2 {C^i" 0 m 2 

i <DmM&i<nm%x*^ fihmmfit i \d<omt ttg^i 

ftfflttSrfflv^^S. I id*5J:lf I iqttSSb 

»cmSftiu, iv , i.^6>»2^± «9?*#-C#5o 

[0 14 1] *jH6ffiHciixtf, ^^.h^jai^R 

[01.43] IU2 1 <DmH&M^$$\,^X, VJVfWfcMLtii 
S4 3&»feoffi-^IiqSr*(di-5ri:-C, ^ h/M&JW/J> 

e>v/fwj» («EE/ja«E»— tc^^^btt 

[0 14 4] ^(OJ:5^/M»*fc«»«^«IW**^ 

[0145] i21, 12 2***ttl*Cj:iXfi, ^ h 

[0146] #CtC % 024 1 , 118, m 2 0 ^CO 
[0 14 7] i2 4<Dmffi^*7*M^%&sTXmffi-t 

R««»j«-#;m«iw h^^«jstt^«aM 1 

iaai^tc^ov^T^, 1 iqco^^t}gt^fi:-r^t?^ 1 iq 
(omt^cft^xm&mtm^mmmm^r. i-^o 




*«*tt^*^Mc«*-rSfc*^--^^* - M>3££ 

[0148] i24 +0«^-CHA/fc'»»«:««[**J» 
' ' -cfcSo Huts 1 iqtti-^9i*JMS5 O&IPF 

I i.a©*fl2»A #W*ttJPjl*5 3fcj3 

^liMt-z^Va- M£ttiffl5 5 5 5X\ «F#WSU»5 
4, 5 5(C*iIiq^IiqOO^^^tB^(iAa>^A 

[0149] Hklcm 2 4 ^SJWv^t 1 
H8»:lt«t5ri:^?), I£ I iq^Jt««*Ks Srffl 

cOtg^fiS CO *r (c— ft LTM» £ tb 5 0 

[0150] *«r^flE*^^»trsa*« 

i-^D^ii/jpicJ: 9 Iiq^ 

I iqttfttt*Cf4*t*PU*V^ 

[0151] Ztl\C <fc 9 , *«U1»*af±akl(l3feftRW 
[0152] L^U »W<z>JS*ttSr|fi]±**J: 5 t-b ' 

x±mmmy>K*>?mw*&<^z>t, -rt*t>ttfz 
it, -t^ijitaw*.^*^^^^^*^ (Kd • s/ 

(1 +Td • S)OP#^#:Td fcSl^tt^ >-Kd £r/h£ 
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[015311227,1128 \tt5E±fflLft<Dtiffcm j $ >J ? 

[0154] m 2 7 (omnm*. «** 521, -&:w 

tl5 2 2Xtf«JM*5 2 3a»&ft*^£«#flWc^n 
y^fC&^T, — #CS§*L5 2 2{C7>f- K^y^i-a« 
^5 2 4 ^rKtt. :o®Kf /<^-h&ffl 

«iXOI*Jt*ttl/ (1 +KF){»tCfl£'>£;ft,5o 
5 2 511 ^»3§ 5 2 1 (DmM* 5 2 4 Otfj^ 

£j®Sb-#:iS;ft5 2 2 0A^lcA*t6»*S-C& 

[0 15 5] El 2 8(0*tetfltt, «*«5 2 1, ffl^SS 
5 2 6&VMtHL«5 2 3*»&*S«^*5V^, 
COm^^^A^)^^^— hV^^tS«»S5 2 4 
It. rco^KF Sr, ii««F"CttKF = l<tU 
i/^-hB#(cfiKF Srgff^ffi (KF>l.)^S5!-r5<t9 
(a/-ctOTfc6 0 rixfc±9^^»»^*3»t5— ft 
«W»fi*H:l/KF ffi»c«^**t5. 

[0 15 6] fe*5. ±|E-Ctt*— ^i^a— M*|C*5V^T. 

J: 5 Kl*S5±«S$»5 2(Dm^ffl!|tC^^ yf54fcK 
It. hSkltlft-S-^S^v^Ttt^^y^SrA 

[0157] JW_h, [2124, |X}27, H28, [129(7) 
fc«9, *fc*aE*W»*rfflv^5ri:*<±EliqatfA 
[0 15 8] &*5, ±Jj!<^ftlJfflJv'^7 i ATtt I iqCO^fb 

A tt t b ixS r. t tt t *> 5 Az-Cfc 5o 

[0 15 9] £/c, ±IEOM^>>^^^^^o^-C, IU£ 

[0 16 0] ±ifiUT*fc*3BW^«aMIB«oftiJ»* 
3£#^WjL^J: 9<cBBfi»cfcS— ScttJEtpit^ffiS:, 
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[0161] z<Dtn9tft&izm*xit* mm, (h/is?) 

fMffl $ *i £ co -Cfsj^ <D JH fc ft v \ L /J » L , 
iliKI^Uljo^TfS. «»«<^^y* 
i:^«»*S»t-C«**s«{bi-5fc». mSib^^^^H 

[0162] -<D^mti,x, mhm-^mm^m 

[0 1 6 3] OCDmWi/^TJ^te, ±IBLfcJ: 
[0 16 4] i3 O^W^fACiffi Lfc*JW#ife 

[0165] r--c\ ±i5^mm«K^(^> -^(o-fts^ 

[0166] BITti 3 0 tcfflffl UfcfWW^rftoJDRa^ 
[oi6 7] «^:SSJj, #{- ; eco.qf4^;^*2q f 

[0 16 8] ^oT. ±fBK^^«*ri8^.IiqXtt— « 

[0 16 9] i3 2d 113 1 ^i-I^mi^<^<ffi 
^V^f^T(r i Ii+o>i • La Ii) OfpT*-^ 

ViaXt^WffiSia 5 tt. «Bft«— ftttJStt I i <r>f$Lft I 
.d, Ii q at/«»«3e*^S^#WiE»3, SC4T*^5 

[0170] UtEi' , lid, Iiq <0^fiS*>SV> 
50 tt38»«Rt/««I«3g»*-a^V^rVia f 5 CO^^iiEV 
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(18) 
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B#jdj6v>"Cli^Sii/'i' >^ V & "y^ L ate J: 15— #c®riftlc 



34 



L £T I 



— ( r j+ r 2 ' )- j «o ! L a, 
M 



[0171] ±|BbfcA *2a^J;2)i4-r^ a 0 iiiy.T 

[0172] 
[»23] 

M 

- J « r -7— 



M 
1 



J go, 



[0 17 3] CiT\ P : 

T2 : n&B#j£Sfc (L2/r:) . cor : E 

te^ji&Kc. cos r-r^fjftjas*. *fc» ^ (^js 





















■ 


+ 














. 0 „ 


r2' 


: — 


5** h/WI) 


1 1 


, <J>2 , 



(S5[23) 



i 1= I id+J 1 1, 



2 =M I 1 + L g 1 g 



20 ;b1-<h&5£-C£>6 0 
[0 17 4] 

[S24] 
■ ^ 

I 



2 d 
1 d 



2 q 

1 q 



[0175] >y<-^{cxv , mmm-i£mi±<D& d * [o 1 1 6] 

^t^r<£^-^5^s via, viqtt * 



v ld= r 



I 



1 d 



La - I 



1 q 



v lq = eo 1 (M/L 2 )^ 2d + a) 1 L<7 - ln+r-!- I lq 



(»2 4) 



(8*2 5) 



[0 17 7] T-feS/J^, it 2 5&UC2 3«UU $ * [0 1 78] 
iblc^*2d^-^{c$iJ^^tt?)i^-rsi:, qM [f&2 6] 



La* I 



lq 



— r 



r 2 ' /M * 
M/T 2 - 1/T 2 



I 



0 



1 q 



[0 17 9] dfrJ:'?, p *2g^r I iq^rffl^-C^-ti-fi 
[0 18 0] 



(M/L 2 )tf 2d co 3 
- ^ 2d «s 

[«SC2 7] 



6) 
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(19) 



35 



P *2q = 



M 



L a - p I ! 
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36 



(SC2 7) 



[0181] ttev). *2q« i \ *<omM *<t. 

|^T+@^^^:tt^©)i-6o ^Lt, (f>2qC0^fb*A <f>2q [0 18 2] 

£ d - q #^_h^^ot1- 5M^tt^-rtb^ A 0 X'&fr-r * [»28] 



A 8 = tan 



- i 



A 4> 



i^zztan- 1 



M 



L a A I 



1 Q 



2 n 



0 



■■ (3S2 8) 



2 d 



[0 18 3] i:ft5o 
2 



a e = 



,rtA <f>2q < <t>2dX+hZ)frb$k 

A I 



[0 18 4] 
[*291 



M 



2 d 



l q e 



A I 



(»2 9) 



[0 18 5] t40,ioilAi iq<z>36ft**»b*lfl-e 

[oi8 6] a±<ow3afc*^<*«w^ay»* 

»JHPi-5o WBE»*aMI»6tt«A«r»±**« 
fc^dlAd AMK) «4HKi*id k±mb'i'* 
mmkOiM I iqStfw*i S:A;frU fttJ3£$c3, »4tcS 

IK^«6 7K h/u^«ffl*ttllti*iq «:A*U «r 
*tf>5 0 »btbfc«EEffi««* (0* + 5- A0) 

mm^* # $ v*i a temm&&$8 7 \c x v 3 *@mj±m^ 
* i srwjmi-rso 

[0187] jiummc&vmm (v^t) <DMmm\c 

A 0 -Cfco-CttlEffiffi^jESttm- t ftltCd - qttriS 

[0 18 8] ro*JS0iJco»J!B«?tt^ov^T, 113 3 £ 
ffl^t-RWtSo [HJllte. 2. 2KWwR»«ft«4flt 

^z.tzm<D, mm&<offlfflVf&*^'to mm (a) isee 

(b) tt*HJfS«<z>«Ftt-r&s. 

[0 18 9] 5fe"f, 113 3 (a) T'tt, ^S^co*rCO 

^fbtc^tL-r. nis^iHiteiis iorteir(£i2"f\ rnmir 



«SttIid, I iq, X0 ? flS**2d, <*>2q(^!^tcj;5f@ig 

[0190] ztit£ttL,x*mnmxi±s ms3 (to 
r <s> 4> 2 q oa^fb*^iC isr«iEffifB^4ftjE <* n 5 r t a> 

«*d>2dttl»— S^IWftiSiirSC. fcfcufcSo ceo 
[0 19 1] t£oT, **K6«fcj:ixtf, v^ftS^a 

[0192] |H 3 4 3 0 tcigffl Ufc*5SW<0#J»* 
(Dimmcfc lSTit«W«5S(A S R) 4 0 ct «9 W^J S tlZ> 

(c, js#s 6 7 J: y m-fftft A 0 ^r^[* U mi£fiffi 
[0 19 3] *J(BttWKJ:nfi, mJ£ffiti«IE(cJ:t9^ 

[0 19 4] 113 0, 13 3 4 0g|jSfiffil^J:ixtf, iSKW 
[0195] H 3 5 fi, 111 O^ffi0«J(Cl3 1 8 , 11 2 

i, 1124, U3 or-*tt-?ftt^Lfc3e»ra^ss, 
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<^v^aMr#bi^5o HI 3 5 ©IftW 
[0 19 6] fe*5, HI 3 5 03t*«£«'MCfc, 

[0 19 7] &fc, mJf5L/'c*^PJ(Dm2<7)@ ttSriSfig 
i- 5 fc » ottlMKS £ R W f 5 . 
[0 19 8] *-f, tt»«»«35 s A«f30»?>il*SixS H 

[0 19 9] I3(^ = 

I 1dr 2 + I 1 q r 2 = I 1 r 2 

[0 2 0 2] 

T i d 2 -t- T 1 q 2 = T 1 2 

[0 2 0 3] 

0 oc I i q 

[0 2 0 4] 



38 



10 



tf^o I3i(^v^, (ii + i 2 ) (iiitt-r^^^ 

[0 2 0 0],:(Oi3 1 K«t-«flBlH]*&te» U Mib^m 

she 1 m. -*«flEii , — h^nmi m, 

[0 2 0 1 ] 
[S30] 



20 



1 d 



I 



1 q 



[^C3 1] 
[»3 2] 
[»3 3] 



:3 0) 



(*3 1) 



:3 2) 



' ldr ' ' 1 q r 



(§£3 3) 



[0 2 0 5 ] fab, WIE±5C(J1^V^T, Ss^ r fcfcj£t&5i 

[0 206] mmmmm&7£&h;i'?T*mm£tir\,^z>x 



[0 2 0 7] 



1*3 4] 



e r =cos" 



<Arr)=--'(^f) 



(Sf34) 



[0 2 0 8] tt«©iHEKIBfi:*i»t5Ja«*«E I ★ [ 0 2 0 9 ] 

idfc^»afl«tiifEiidrt©itSrini:*s< zk\c-fZ> 0 ★ [fc3 5] 

m = I Id/ I ldr 

1H1B&3 1, t33, $SC34, Jk3 5A>t>Iiq, 

Ilqr, lid, I idrSrm^UT. — 1 1 iCiJpfLT [0210] 



+ m 2 sin 2 0 



:3 5) 



(»36) 



[0211] 1^*, wmmmt lt, wtmwshmx'ft± 
[0212] *tt«<©**«Kte»£-r5fl£©t« 



[0213] 
[f&3 7] 
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(21) ^¥6-2 2 5 5 7 4 

39 40 



1 — r I 2 

L rl M 1 1 



~ r l * 2 ir| 2 (f 1 ) +m 2 sina r ^ - (S3 7) 



m 



[0214] ^m»J^^lHlteT-^^"C|g^-r5-»: * [0215] 
L = r I 2 

L r2 r 2 1 1 q 



cos 2 0 
m 



r 2 1 'ir '"" 2 ' (— =- ) - (I&3 8) 



[0216] mift-^tDia^^+T'^^-rs t ^(0217] 

i/*tiLh (4. ftr$<Z)$3 4, $3 5 £/8V^-Oi It39] 
t3f&^K4 9#fc£w<t^T-£ 5„ 

L h = K ' h • (l> t • B 2 m 

= Kh • o)l • m 2 • T 2 lr • sin 2 6 r - ($3 9) 

r<o$3. 9{i*5^r, Bm (4m»jti<o^iriact5it5a^: ★ [0219] £e>tc, @£^i*.CMct4 9i*msftttie *s 

K' h, Kh(4@^^rofi*^WK, t#^(C m±^Z>J)K rW9-f*)tt*Le (4. $3 9<k|s]«t^ 

j:oT^-5tbmf-afcT'fc5„ snat^3 4, $3 5 t^fflv^&itici ^^^a^i: 

[0 2 1 8] ^C5$3 9/j»ibSfl?-C-£-5 4. 9 t ^T*#5„ 
i)i/^tlLh 14, Kl^®»ftC0 2^, VH*i5i:m©2 [0 2 2 0] 

★ 

Le=K' e • o) 2 l • B 2 m 

= Ke • a> 2 l • m 2 - I 2 1r • Sin 2 0r - (§4 0) 

SJtmm-C-fcSo 3 7 ~»4 0 S:* i: ftTftO J: 5 C«ti i 5. 

[0221] mm Lfc 4 ^3»«»j«w^a [0222] 

L T =L rl +L r2 +L h +L e 

f cos 2 0 r /T a \ 2 

-■• , »{<'.+->- = i-C-T7 ) 

+ ( r j + K^j + K.-a! 2 ) .« m 2 sin 2 0 r I - (»4 1) 



} 



[0 2 2 3] r<7)£ti^LT #*/hi:*5*f*«:**S [0 2 2 4] 

fcfefc, «4 iS:*<oj:5^«JK-rSo 1*4 2] 
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41 



L T = I 1 r 



(22) 
cos 0 



6-225574 



42 



2 m 2 

m 



- ^ r 1 + K h a) 1 + K e co 1 2 • m ■ sin 9 



- sin 2 6 



(&4 2) 



t&kftZM^ RlC^i-Sc4 3^*)5o^t*fe^ [0 2 2 6] 

' *Oi:#©in(OttS:moi:tSt, mod** 4 3(Ol^i [»4 3l -- 





V (r i +r 2 } / 


Tl V 1 




l + K h « 1 + K. Ml a ) V 


T r y tan 0 r 



(£ft4 3) 



[0227] -t L-T, ±«^c<Oft/hfi£LT0»i, &5tT'*: * [0 2 2 8] 

*5^t/jsr*#5„ * lt44] 



■ sin 2 0 



[0 2 2 9] #3BWtt, ea±RW LfeSfcaicK^-tw 30 

[0 2 3 0 ] SXT. £ S«3MMft«IB»»yW3S 

«<^*16OT*iaffi^J:9l¥»^RM-rs. (233 6 f 

T, 3 0 2 tt«BE®«*ae«». 3 0 4 ttfllftV, 3 0 
6 ttttSEtftttlS. 3 0 9 WtfJDgS, 3 10 tt— ^atb 

3 11li8l»», 3 12l«a 3 13f*2^ 
ffl - 3 ffl^&Sff, 314.316,317 fittsifcS, 3 1 
5 fSi&KSBIffiS, 3 18, 3 19liS»3fft^5 0 40 
[0 2 3 1 ] IE) 3 6 tC^-rHSSCT^Buai LfcHI 1^14 

3 0 8 s *|gp^oiSj^mi5fctt^^»^3 o 

[0 2 3 2] i3 6(C4o^T, 2 li, mEESi 

5 0 EICiiAtttUS (PG) 9 3ii. »M*tt»>« 2 OS 50 



- (£j[44) 

*si£««:«*aiu tcoa*«*tt, Ej*s^fc««fe«:« 

WSt-fcS Pfflt 3 0 4{c{E^e>tb5 0 M 

Tu, iv, i. srm^-r^— *«*tftai»3 o 5 a , 3 
osb, 3 0 5 c//^itf)ntv^o ^o— ^msfc^ati 

3£ 3 0 5 a , 305b, 3 0 5 c <Dtitfj\m^V£. Mlfctfi 
ffl»3 0 6(C#x.ibtt£ 0 r^IW3 0 6(l - 

*m^ffi^ffi^m^^^s»«2co[^^^^sm 

(reMM^fiB:*^ l^KDftJSStS) o>*r-ClHJtei-S, 
Sv^(citt^i~5[H3$5M1f *<z>2*luiMi\ -ffcfc>*>, ibis 

h^«jtoJt»Iiqtt, t^^MMS3 0 7 i 

JSi£»iSi*S 3 0 7 S)!iK««l£f8*ffi«»SS 3 0 8^ 

S§3 0 9\C&btl. ffii£Lfc«#*3MS3 0 4 

com^i p cor tajistts. w*>anjMS*a*. 
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[0233] mmmmvi^m^w^3 o 8 n 

*SE»EIK 3 0 8 a fc A *S4*Hft3F[a]tt 3 0 8 b k % * 
*tt«#»&lElK.3 08 c^ 3 0 

&fcHS3 o 6cottJ^ff-^T*fc5 hyu^mgfc^ I iq*i. • 

B3 0 8 aCA*S^ »»*«*MfclSI» 3 0 8 a = 



44 

I ig | Srlf^ffiiSi*IIIS&3 0 8 bC^UtH^o ti 
^ffifliWlHlK 3 0 8 b tt, Mitib/c^{-S^^T, m 

I id 

[0 2 3 4] 
[»4 5] 



1 d 



ldr 




r 1 + 



) 



I 



1 Q 



I 



1 q r 



[0 2 3 5] k lsXmmrZ>zk\c&*)?ittbZ> 0 *<D 

m. m^mmn®& 3 0 8 bn i)m$$ 309 &mt) ^ 

[0 2 3 6] ~ rT\ — Hkmtl^S 1 OcO^fiJtCoV^T 

<*<fc*K r.<oa«««iidfct>t«cu"r»[ji*ix5"r 

ttlko)*i #»*Lt L4 5 r i *-45. -ftii*t«3i 
0 tt, r. <£> J: 5 fcfcJH«*ai*i <^ft»fc*{fc«:»;t5yi: 

[0 2 3 7] »^«9t#!sltt 3 0 8 b id X V t^J: 5 

ii^0^3 o 8 c izmhtiZo m^miB^-mvi^s o 

8c«. Jg^ISI©[H]S§ 3 0 8 b^OAM*I ido ^ 
**«(ftl*^^# 3 0 8d^5)OA*ftf I idr <t coiE 
SrJttfcU I ido^lidr J: 9"/h£v^ #K I ido ofi 

I IdOi&S I ldr ± #K I ldr <£>fiS£* BWK 

«8fc*g<£ffi I *i d t t*C> t^WMf»»3 0 7 

[0 2 3 8] H#3§3 1 Itt. HU^CO^iSiS^a;*!^!! 

U *<Dffiyj«#*B8»38£«3 1 2^a6* 0 H*»* 
§13 1 2tt,* rtf>ffiffifc*^0* ^*f^LfciE?£Sm*§- 
sin 0 *&t*£3£i£ff -5§-cos 0 U Cttbcoff -5§-£ 

«8tt«lttJS3 0 6&t/2ffl- 3^@^m§§3 1 3(C^6 0 

[0 2 3 9] Hlte3$««tH»9 3^ct 9«ttl$n^:lH]te 
^ftjaSlfttor tt, ltm%*3 1 4«:ifci2l6i'U Jt««3 

i$J*IB®iS3 1 5 11 C(Oitge§s3 1 4^bC0[HlWft 



tan e r 

... (»4 5) 

"[0 2-4 0] ■Jt«»3 17lt ^<Db/\oi?mfti<Offi<frm 
l*iq «8fE8*ffi3S3 0 6(DtU^T-ao5 h/i^«8fLiS 
^liai:*rJ4;ttU-C*o«3ISrttl^-t-So *fc, Jttt» 
31611 *««ffl»3 O 6<Offl*"Cfc«lffl««8lt*»I 
id£, BI«Ki«ttt««3 0 8©UA-efc8BWI 

20 [024 1] Sfg318, 3 1 9H tt«»3 

1 6 st/ 3 1 7 1-ct i9^a$tbfca«««E(Bii(i*id- 

I id) k h^«8ftflS3S ( I *i g — I iq)*iS*gU 

aibtt i <^a««isfEfife» 1 1 a su 5 h/u^ mjjft^c^ 1 1 q & 
n\cmi£<Dffimmmmffim&m i *idXunwriB 

»Effl*fl[.l*iq^*b</j:SJ:9K, -#cmJE^coB 

tt««i<o«ffi^;»v*iq SrlBW-f 5. 
[0 2 4 2] 2tB-3tB2ESl»3 1311 flfflEiRfMg 3 

is, 31 9 ^h^t)^ti^Ehmmm.^<Dm l }£^y^d 

30 k h/u^i(8IE*Bio«EE^V*iqS:, 3 ffi^SBEJt^rfit 

[0 2 4 3] R»«tt«HBi!iWJ«lH]K^*5V^T, 
B*«**tfc*+*M^ttW*EK 3 0 8 b -Cfflv> ^>tb 

50 T> m®J^T'|g^-r^)-'^ffifet«, t:^x 
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nmmft&<om$:&'pte\<^<Dx\ W8h%&ft&xm£.irz> 
mi>&te<, i&m±%-hWz.btbZ><Dx\ mmm<om^ 
zmni-^t?f>x$. mm&<Dfa±&mz>^ t&xzz> 

[0 2 4 4] -Y i"<— ^IhIS&co^^ K^>f Ait 

• [0 2 4 5] mJi£LfcJ;9^ mfcrn^m y 
ttt}mm*i£^mztt^xmmmmL&$itz>o 

[0 2 4 6] [2 3 7l^-f£5tC N h7>^ 

HRL-TR6^77^^^^ (or[H]£) a— 
KDi -D^3fe?iJlHlKS:^y y ^»«bfc-Y ^± 

1 TR 2 0±TT — AtDlctffPttCp] h 7 >i/^^/J s l^ 

So 

[0 2 4 7] rtL5>^>II^S:ll3 8SrffioTt ?'>U¥ 

oT#^SPWM$JF^-t£oT h7^^TR 1 <b 
TR 2 SrXStC^-V • !37(Dh7 

<o^aatt«FiB (f'/K?^) TD^rttattSo "a? 
zm&ia*. x co isii 3fts je* » e> * ^ * f b-r « ^ 

h7 y^^TR 2 O^HEjI^PbT (t* s> K*-f 
A) TD*fWil*u5o IH 3 8 (d)^*V>^H 

■9 (-^*D^^) . (f) fC^&^ftoTL*?,, 
rcorirfi. (e) fc*-r«k5tt«TD <O^U^««E 

[0 2 4 8] (a) lC^i"lHl* 

T _ T c T c V *u 

u "" 4 4 v umax 

[0 2 5 3] ::C, V um8 x : =£)&{f^Oft*<i£ 
±«T#45Tu IC, M&*8£&6 8 0J&*bG>«**r»l 

Tu' =Tu±Td 
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HffidSfcS. ^<O£jJ$0i f*EI3 9K*1-dWtt«ftfc q 

[0 2 4 9] K^-<^lcJ:^lEfiT4^^ 
• Sr*«i-SIi]tt««S:BI4 0{c*-r. m«E*ttJ»4' 

70 dtt«J«fiJc»Iidtqtt«Sffiric»IiqSr«mi-So 

MS6oot«f^ »6 7om ccom 

t^m% (0*+ 0 6 8 '0fc»fe*L*-. H 

•S»4S6 8om ftS(0*+ 0 i)^3£* s fi+*S 
*U cos(0*+0i) dSiE<OH#ktt+TD Srfcti^U ^ftco 
WMctt-To ^rtH^i-^o PWM»JBJ84S6 9 0tt, 

20 [0 2 5 0] *1\ *i«*Lft^»^KoV^jL5o fW" 

*H1-*o ait^^l^iai »fcv^» (b) {cm 
if^K^^f^To ftrjtB#ra/J s ®tt-c«jE^ t 4 B#j&-e 
a^bu »?e (c) tft'otiiJ. fyWAifli 
&-tz>m&* mx-it. h*«4»6 8 o/j^+td con 

lj±(a ^ A t £^ iSff f B if 5 t 3 H*^«t <9.b#Pb1 

30 m\^rz>» ^<Dt$4 (d) (c^-r 

a«W*PWMttJK (b) ^#bti5Ii:lc45o 
[0 2 5 1] CC0IS^(CS<5V^T, i4 0OPWMfii 

6 9 o J; 9 KMS^tf 5 o ID 4 3ic^i~j: 

40 [0 2 5 2] 

m4 6] 

(»4 6) 

[0 2 5 4] 
[$C4 7] 

... (ft 4 7) 

*JW3S«ofpJW*»«o^b«:B5Cr4:*s-cSS 0 
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[0 2 5 5] i^*fKWLt*fc«*«:«SfcS: 

[0 2 5 6 ] ftJc^Lfc^llJfi^J^feJW^^xASrx 

^^v^^/^ij^-f 5*JS^*[1]4 3i9KWtSo P1H 
•CI 7 Ott^— O^ftSffitC^^ttfc^^^/U^y 
7"-^ ^n^otyt-CfcSo fflxJi 0MD 647008-^ 

PU701, #<?C-?7 0 2, RAM7 0 3, ROM 7 0 
4, A/D^#l£57 0 5, I/O^-h7 0 6^gj| 

SttTV^o ; ei'TROM7 0 4O^ey^(i3 2K 

hfo«9, *fcA/D3Hft»7 0 5ll8f-t^;K 
I /OtS— h 7 0 6i39/K— h-CfcSo 
[0 2 5 7] ~*UCj;!K _L1EW^ D^D-fey*7 0 
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